This study aimed to define the effect of soil solarization and reduced dose of the fumigant metam sodium on managing of root-rot and wilt diseases, caused by Rhizoctonia solani and Fusarium solani, F. oxysporum, as well as the nematode Meloidogyne incognita of pepper (Capsicum annuum L.) grown in the greenhouses. The effect of metam sodium (MS) at 500, 750 L ha -1 that accounts for 40 to 60% reduction of recommended dosage, on disease incidence, galling index and yield values was defined. Three different trials were conducted during 2014/2015 growing season in farmer's greenhouses. Pepper seedlings were planted in October, 2014 and plants were uprooted for evaluation in July, 2015. Disease incidence of wilt and root-rot diseases were 3.7 to 8.7, 15.0 to 17.5 and 32.5 to 36.2% in solarization combined with low dosage of fumigants, solarization alone and control plots, respectively. Disease incidence in plots where MS was applied at 1250 L ha -1 was 1.2%. Galling index caused by root-knot nematode was under 2 in treated plots, but in control plots of the three greenhouse experiments were 7.08, 6.48 and 7.29, respectively. Yield value increased to the average of 56.6% in solarized plots compared to those of control plots. When the soil solarization was combined with low dosages of the fumigant MS (S+MS 500) and (S+MS 750), the increase in the yield values reached to the averages of 31.6 and 75.6%, respectively.
INTRODUCTION
In Turkey, pepper is cultivated under protected conditions and open fields reaching to about 79,000 ha, which produced about 2,5 million tons of fruits (TUIK, 2015) . Climate of Mediterranean region of Turkey where extensive protected cultivation takes place is hot and humid during summer. Some soil borne pathogens, that is, Fusarium solani, F. oxysporum, Rhizoctonia solani and root-knot nematode (Meloidogyne incognita) significantly affect pepper production in this area. Phytophthora blight caused by Phytophthora capsici has been reported in field and greenhouse grown peppers in Turkey. However Fusarium wilt (Fusarium oxysporum) and root rot (F. solani) have been reported to be the main soil borne pathogens after the drip irrigation system has become widespread in greenhouse grown peppers (Yücel et al., 2002) . The annual yield loss caused by nematodes in the world reaches up to 12.3 to 20%, and in vegetables to 80% (Sasser and Freckman, 1987) . Meloidogyne arenaria (Neal, 1889) Chitwood, M. incognita (Kofoid and White, 1919) and M. javanica (Treub, 1885) Chitwood have been widespread and it is economically important rootknot nematode species in vegetable growing areas in Turkey (Söğüt and Elekçioğlu, 2000; Özarslandan and Elekçioğlu, 2010) . Repeat planting of same crops in the greenhouses of Mediterranean region of Turkey causes biological soil pollution and economically important yield losses occur due to nematodes and soil-borne diseases unless effective fumigation methods are applied.
Soil solarization is widely used for soil disinfestations and has become very popular in controlling soil-borne pathogens and root-knot nematodes, since methyl bromide usage was banned in 2015. Studies have
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Vol. 5(2), pp. 31-37, April 2017 ISSN: 2315-9766 Full Length Research Paper revealed that the efficiency of soil solarization depends on soil type, soil humidity, temperature, daylight length and density (Katan and Devay, 1991) . Soil solarization alone has been reported to be ineffective against nematodes and soil-borne pathogens. Chellemi and Olson (1994) , Chellemi and Mirusso, (2006) and Yılmaz et al. (2011) who reported that the formation of nematode galls takes 4 to 5 months following soil solarization in cucumber roots. The nematode population existing at soil depths may move towards the surface during vegetation period when the soil solarization alone is used (Mc Sorley et al., 1999) . It is important to combine soil solarization with low dosage of soil fumigants in pepper to control root-knot nematodes, since pepper production time extends to 9-10 months that reduces the effect of solarization alone treatment as explained above. Registered dosage of metam sodium is 1250 L ha -1
, however when applied at reduced dosages in combination with soil solarization that is used extensively in the Mediterranean region, the cost is lowered in which environmental pollution is minimized.
Thus, this study was conducted to determine the combined effect of soil solarization and 60 to 40% reduced doses of metam sodium (500 to 750 L ha -1 ) for controlling root-rot pathogens (Fusarium solani, F. oxysporum, Rhizoctonia solani) and root-knot nematode (Meloidogyne incognita) in pepper and determine the effects of treatments on yield parameters.
MATERIALS AND METHODS

Experimental sites and fumigant
Experiments were conducted in three farmer's greenhouses located in Kazanlı, Adanalıoglu-Mersin province of the Eastern Mediterranean region during the 2014-2015 growing season. The root-rot diseases and nematodes had been detected in the greenhouses and in which pepper was continuously grown in the previous seasons. The plant roots in the greenhouses were microscopically inspected before the experiments and gall containing roots were scaled with 0 to 10 galling index (Barker, 1986) . The three experiment sites were chosen according to galling index scale 6 more and the root-rot incidences occurred between 20 and 30%. The soil types were sandy loam, soil organic matter was 1.3 to 2.7% with pH 7.2 to 7.9. The type of plastic film used to cover the soil was low-density polyethylene film (PE) with a thickness of 0.03-mm. (Solplast, Spain). Commercial Sniper Fluid (500 g/L metam sodium) was obtained from Dogal Agricultural Company (Turkey).
Treatments
The soil solarization period began on July 21 to 27, 2014 with clear plastic covering and metam sodium (MS) was applied on 4 to 7 August by drenching with 10 L of water per m 2 . Five treatments [soil solarization (S) alone, MS alone (1250 L ha -1 ), S+MS at 500 L ha -1 ; S+MS at 750 L ha -1 , untreated control] were arranged in a randomized complete block design with four replications per treatment. Each replicate plot consisted of raised beds with 10 m in length and 5 m wide. Solarization application continued for 7 to 8 weeks (Yucel et al., 2007a, b) . The MS alone application was conducted according to manufacturer's instructions in which the fumigant was applied under the plastic 
Assessment of pest control in greenhouses
Pepper plants were periodically examined during the vegetative period for soil-borne pathogens. About 9 months (on July 14 2015) after transplanting 20 plants from each plot were uprooted and examined for diseases. Plants exhibiting discoloration at root part, xylem and phloem tissues were recorded, and they were taken to laboratory for pathogen isolation. Disease incidence was calculated using the formula: %MG1 = [(DC -DT)/DC] × 100, where %MGI = the percent effect, DC = number of diseased plants in control, DT = number of diseased plants in treatments according to Abbott's formula (Abbott, 1925) . Pathogenicity tests were conducted on fungi isolated from symptom exhibiting plants collected from experimental sites and 3 pepper varieties (Safran F1, Mert F1, Maraton F1) were used (Singleton et al., 1993) .
Second stage juvenile nematode population of pretreatment (Pi) and harvest period (Pf) were taken from 0 to 30 cm soil depth. Soil nematodes were determined by using modified Baermann funnel method (Hooper, 1986) and population density was recorded by examining 100 g of soil under a light microscope. Root galling index was identified on 20 plants uprooted from each replicate using 0 to 10 scale, where 0=roots with no galls and 10=roots with maximal degree of galling, at the end of the growing season (Barker, 1986 ).
Statistical analysis
The % effect of treatments on disease incidence and yield values was determined according to the Abbott formula. The data were analyzed using SPSS (SPSS Inc., Chicago, IL, USA) and the individual means were compared by the Duncan (multiple range) test and a confidence level of 95% (P < 0.05) was considered as statistically significant.
RESULTS
Soil temperature
Maximum soil temperature at a 5 cm depth was 54°C and was 15°C higher in solarized soil than those of the untreated soil. Maximum soil temperatures at 15 and 25 cm depths were 46.5 and 43.3°C in solarized soils, respectively. The temperature differences between solarized and control plots at 15 and 25 cm soil depths were 10.3 and 7.5°C, respectively (Figure 1 ).
Disease control
Fusarium solani, F. oxysporum and Rhizoctonia solani were re-isolated from the diseased exhibiting pepper plants of the experimental plots. The incidence of wilt and root-rot diseases of pepper was less in the reduced fumigant dosage applied plots when compared to those of soil solarization alone. When the effect of solarization combined with 40 to 60% reduced dosages of the MS was compared with effect of recommended dosage ) in combination with solarization on disease incidence were 71.8 to 74.7 and 87.2 to 87.7% in greenhouse 1 and 2, respectively. In greenhouse 3, the effect on disease incidence of solarization alone, reduced and recommended dosages were 50 to 53.8, 74.7 to 86.6% and 96.4%, respectively in which the difference was statistically important (Table 1) .
Nematode control
Soil solarization combined with MS was used to manage the root-knot nematode in three farmer's greenhouses. No juvenile nematode and gall formation were detected in the experimental sites at the end of the growing season. The second stage root-knot nematode larva numbers in the three experimental sites were 380, 990 and 2625 in soil solarization alone and 2255, 1540 and 3010 in control plots. The galling ratios were 4.88, 5.42 and 5.88 in solarization alone and 7.08, 6.48 and 7.28 in control plots (Table 2) . Soil solarization alone was not able to control rootknot nematode in the greenhouses, where pepper was planted continuously. However, a combination of soil solarization with soil fumigants effectively suppressed the nematode population during the pepper production period taking about 9 months.
Yield
Yield increase of 31.6 and 75.6% was observed in the plots, where solarization was combined with reduced dosage of fumigant as compared to the plots, where solarization alone was applied. There was no statistical difference in yield parameters between the two reduced dosages of fumigants. Averagely 56.6 % of yield increase was determined in solarized plots when compared to those of control plots and the differences were statistically significant (Figure 2 , Table 3 ).
DISCUSSION
Integrated pest management of soil-borne pathogens and nematodes requires effective applications of reduced pesticide dosages. In greenhouse vegetable production, soil solarization has been widely used in the Mediterranean region of Turkey for the last 20 years due to suitable climatic conditions. However, it has been reported that wilt and root-rot diseases caused by Fusarium spp. and Rhizoctonia solani and root knot nematode (Meloidogyne spp.) could not be managed by solarization alone (Chellemi and Olson, 1994 ). In the current study, we observed an increase in the efficiency of solarization combined with the reduced dosage of the fumigant metam sodium. We also observed that these applications could be effectively used in pest and disease control, which in turn reduce environmental pollution and time recommended for solarization. In addition, it was revealed that the reduced dosage of fumigant application combined with solarization was able to reduce disease incidence and nematode population with, increasing of yield values. The data also proved an effective suppression of pest and disease control 7.96 ± 0.08a 7.36 ± 0.05a 7.05 ± 0.05a S+MS1250 7.92 ± 0.09a 7.50 ± 0.07a 7.10 ± 0.05a Control 3.06 ± 0.09d 2.42 ± 0.07d 2.70 ± 0.03d
x Letters next to numbers indicate different groups determined by Duncan's multiple comparison tests (P < 0.05).
during pepper production period in the three farmer's greenhouses (Tables 1 and 2 ). Previous studies have demonstrated that control of soil-borne pathogens and plant parasitic nematodes could be improved when the reduced dosage of MS combined with solarization (Ben Yephet et al., 1988; Coelho et al., 1999; Sanogo, 2003; Yücel et al., 2007a) . Such applications were reported to reduce detrimental effect of pesticides to environment (Eshel et al., 2000) . Synergistic effect was observed when solarization was combined with low dosage of MS compared with those applications of each treatment alone. The effective control over soil-borne pathogens and root-knot nematodes was observed when registered dosage (1250 L ha -1 ) was combined with reduced dosage of MS (40 to 60 %). Gamliel et al. (2000) reported the effectiveness of combined solarization and fumigants to control crown-rot of tomatoes (F. oxysporum f.sp. radicis-lycopersici) and sudden wilt of melons (Monosporoascus cannonballus). The researchers observed that a significant reduction in the pathogen population when impermeable film was used for soil solarization combined with 1/3 of recommended dosage of metam sodium and methyl bromide. In addition to pathogen control, increased plant vigor and growth were reported in solarized soils when compared to those of non-solarized soils (McSorley et al., 1999) .
The maximum soil temperature was 1.2 to 5°C higher in present study when compared to those of previous studies conducted in the Mediterranean region of Turkey (Yucel et al., 2007a, b) . This raise could be explained by soil structure difference and inconsistent climatic change for the last 10 years.
The experimental greenhouses chosen in this study had pepper plantations as monoculture for continuous years with high temperature and humidity as environmental factors. It is known that Fusarium spp. causing root-rot and wilt in greenhouse grown peppers are incited by humid and hot conditions. The disease incidence is suppressed in soils with better drainage and plants become less predisposed when planted on accordingly prepared planting beds (Yücel et al., 2002; Lamb and Rosskopf, 2003) .
Soil population of plant parasitic nematodes at 0-20 cm depth is controlled by 92 to 100% with solarization applications. But they may stay alive at 20 cm depth during solarization and move forward up to soil surface by time and cause economic damage on crop plants (McSorley et al., 1999) . Similarly, soil solarization alone was reported to be effective for 4 to 5 months and that the galls were observed later on plant roots (Yılmaz et al., 2011) . Galls formation on pepper plant roots were detected 4 months following solarization in the present study. We reported a nine month period of effective control of root-rot diseases and nematodes on pepper in planting beds previously prepared in the 3 greenhouses with solarization combined with MS at reduced dosages (500, 750 L ha -1 ) ( Tables 1 and 2) . Growth vigor and yield were increased in pepper plants with application of soil solarization compared with control plots (Table 3) . Yucel et al. (2014) reported yield incerase in tomato greenhouses treated with same control measures.
Soil solarization alone is not effective in controlling soil-borne diseases and nematodes in greenhouses, where intensive cultivation is being conducted. Soil solarization should be combined with reduced dosage of fumigants to decrease the disease incidence and eventually to increase yield's quality and quantity in the Mediterranean climates. The cost is dropped by using reduced fumigant dosage, farmers profit is eventually increased and cordially the damage to environment is prevented. This study revealed that the application of soil solarization combination with 40% reduced dosage of MS had the same effect of recommended dosage of MS application. In addition 60% reduced dosage of MS was found to be acceptable for controlling soil borne pathogens and nematodes in less contaminated pepper greenhouses. It is assumed that the unsatisfactory results may be due to inefficient farming practices such as the application of soil solarization on dry soils, keeping diseased plant debris in greenhouses and deep processing (over 15 cm) of soil.
